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Figure S1. Optimization process of σ and ε using the CMA-ES. Parameters σ, ε, and q were fitted using the R×E fitness (Eq. 2, Opt-Run1). In Generation (Gen) 0, population was generated to reproduce the given covariance matrix, and then the fitness for each individual was calculated. In subsequent generations, a new covariance matrix was generated using the rank-μ-update and rank-one-update algorithms. 1,2 When generating a population, the overall scale of the matrix was considered, sometimes producing individuals far outside the covariance matrix. 
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Procedure for free energy perturbation Solvation free energy (SFE) of a water molecule described with respect to fitted parameters was calculated using the free energy perturbation combined with the multistate Bennett acceptance ratio method 3 implemented in pymbar 3.0.3 3 .991667, 0.995833, and 1. To avoid singularity in simulations for 0 < lambda < 1, the soft-core potential implemented in GROMACS was employed. The procedure used for the equilibration and production that was run in each lambda simulation was almost the same as that described in section Simulation settings, with two exceptions that the length of the production run was set to 16 ns and a single water molecule defined as a solute was subjected to the LINCS constraint 5, 6 to fix its geometry instead of the SETTLE constraint. This is because GROMACS does not allow use of the SETTLE for multiple molecule types. The simulation length for the target molecule, the TIP3P water, was set to 100 ns to obtain a precise value. The sampling coordinates used for the free energy calculation were automatically collected through the Alchemical analysis so that they were not correlated energetically. The above-mentioned simulation setting achieved very good overlap in phase space and small uncertainty as shown in Table S1 . Opt-Run2 39 121.5
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Opt-Run3
